5.0 SAFETY POLI Cl ES AND REQUI REMENTS

Astrotech has strict safety policies and operating requirenents
for the use of its facility and support equi pnent. This section
begins with a discussion of overall managenent policies and

requi renents (Section 5.1), describes operation and mai nt enance
requi renents (Section 5.2), and concludes with specific personnel
training requirenments (Section 5.3).

Because Astrotech only provides the use of the facility and
[imted support equipnment to their custoners and perforns no
hands-on processing of a spacecraft, Astrotech requires that
custoners provide detail ed technical data and supply operating
procedures for all hazardous equi pnent and operations.
Astrotech's schedule for subm ssions, allowng tinme for review
and approval prior to initiating operations, is outlined bel ow
(see Section 5.1.1). Additional requirenents include such things
as training and certification of propul sion teans, scheduling and
coordinating of all hazardous operations through Astrotech, and
safety nonitoring by Astrotech and the custoner of all hazardous
operations scheduled to take place for a specific spacecraft.

When hazardous equi pnent or operations have been or are to be
used at KSC or CCAFS, the custoner's detailed technical data and
operating procedures are also reviewed and approved by NASA
and/or the Air Force. The general safety standards agai nst which
t hese plans and procedures are scrutinized are Air Force
Regul ati on AFR 127-100 Expl osive Safety Standards, Eastern Space
and Mssile Center Regul ation ESMCR 127-1 Range Safety docunents
and Kennedy Space Center safety requirenent docunents KHB 1700.7
and KHB 1710.2. The responsibilities of all parties involved in
the processing of a payload at ESMC are detailed in ESMCR 127- 1.
The safety evaluation team conpared Astrotech's safety policies
and procedures to these requirenents for Governnent facilities.

Further, the safety of operations at the Astrotech facilities is
a partnership between Astrotech and its custoners and each has
conpel ling financial incentives to nmaintain the highest standards
of safety during payl oad processing operations. The custoner is
bringing in a satellite that may be worth in excess of $100
mllion. At the sanme tine, Astrotech has an investnent of
approximately $15 to $20 million in the facilities and facilities
support equi pment which it nust protect. In addition Astrotech
wants to maintain its ability to process payl oads to ensure
future business and revenues.

Astrotech al so conm ssioned detail ed technical anal yses, both
before the initial facility construction and before the facility
nodi fications. These safety anal yses are discussed in Section
7.1.1.



5.1 Managenent Policies and Requirenents

The docunent Safety Policy prepared by Astrotech delineates
corporate policy regarding desired |l evels of safety and the
safety criteria against which the custoners' hazardous operations
safety plan are assessed. It outlines the docunentation required
of custoners to neet Astrotech's safety requirenents for custoner
requi red support equi pnent, operating procedures, and personnel
certification and training; safety requirenments for perform ng
payl oad operations including ordnance checkout and installation,
propel | ant | oadi ng, neteorol ogi c baseline conditions for
conducti ng operations, allowable hazardous atnosphere work |evels
(25% LEL)*; safety requirements for handling, lifting and
transporting spacecraft; and accident reporting requirenents.

5.1.1 Docunentation Requirenents

Astrotech requires certain docunentation fromits custoners to
ensure that its own safety criteria and standards are net. These
i ncl ude:

*At | east 90 days prior to processing, data on flight hardware
and safety critical subsystens, an operations schedule, a |ist of
techni cal operating procedures and desi gnation of whether
hazardous or not, and a list of safety and energency equi pnent
and procedures;

eCertification that each individual perform ng operations has
been trained and certified, if appropriate, and is nedically able
to perform assi gned hazardous tasks;

At | east 30 days prior to processing, detailed step-by-step
procedures for hazardous operations; and

* Any necessary federal and state |licenses to handl e radiation
sources, data on the sources, and docunentation on testing,
packagi ng, transport and transfer of the sources.

The custonmer nust conply with all Astrotech safety requirenents
or request a waiver from Astrotech, detailing what system or
equi prent is involved, why a waiver is being sought, any
potential hazards created and rationale for acceptance. No

wai vers have been requested as of August 1990. Astrotech wll

t hen either approve or deny the waiver. The custoner is also
responsi bl e for obtaining any wai vers or variances from federal
regul ati on and nust provide these to Astrotech.

! 25% of the Lower Explosive Limt (LEL). The LEL is the volume percent
concentration of a flammble material in air at which the material will ignite,
propagate flame, and in a confined area an expl osion can occur. Using 25% of the
LEL provides a four-to-one margin of safety.



5.1.2 Safety Requirenents

Witten operating procedures are required for all hazardous
operations that are perforned at the Astrotech facility and are
revi ewed and approved by Astrotech prior to the operations.

Si nul t aneous hazardous operations in the sane hazard control area
are prohibited. Joint safety inspections by both Astrotech and
custoner safety representatives are generally performed prior to
and i nmredi ately after payl oad and ground support equi pnent
installation at the facility, before initiation of hazardous
operations, and after any nodification to the facilities or

equi pnent. Specific requirenents are identified bel ow for:

* Payl oad and ground support equi pnment
*Environnental conditions
*Handl i ng and transport

Payl oad and Ground Support Equi pnent

Propel | ant systens and systens ground support equi pnent (usually
provi ded by the custoner) nust neet the requirenents of either
Air Force Manual AFM 127/161 or Kennedy Space Center Handbooks
KHB 1700.7 and KHB 1710.2. These requirenents are outlined in
the Astrotech safety policy handbook? and apply to all operations
at Astrotech. Before any new, nodified or repaired propellant
subsystens, storage or transport systens can be used at the
Astrotech facility, the custonmer nust validate and certify that
they neet the requirenents. Materials used in propellant systens
must neet conpatibility and use standards as detailed in either

AFM 161- 30 " Chem cal Rocket Hazards," Volune Il, or the CPIA
Publ i cati on Nunmber 194, "Chem cal Rocket and Propell ant Hazards, "
Volume 111. A leak check using a helium|eak detector is

performed on load |lines, pressure lines and transfer systens
prior to beginning propellant |oading operations to ensure
equi pnent integrity before introducing propellant.

In Astrotech's Safety Policy, specific requirenents are detail ed
for standards that nmust be net by el ectrical equipnent,

el ectrical equipnent in hazardous atnosphere areas, groundi ng and
bondi ng, and mai ntenance operations. These are designed
specifically to preclude hazardous conditions and include
detail ed requirenents such as hazardous area distances for
flammabl e |iquid propellants, and instructions for "expl osion-
proofing"” of electrical equipnent operated during pressurization
or flow of flanmable propell ants.

Pressure systens (e.g., pneumatic and hydraulic systens), that
contain fluids above anbi ent pressure and include conponents |ike
t anks, pipelines, gauges, fittings, valves, regulators, and
relief devices are also closely scrutinized by Astrotech. Such
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t hi ngs as pressure vessel American Society of Mechani cal

Engi neers (ASME) design and marking requirenments, safety factors
for burst design of conponents, and systemoperating relief
pressures and fl ow capacities are indicated. Flexible hoses, and
i nspection, calibration and test requirenents are al so di scussed.

Radi ation is al so addressed in the safety requirenents. This
covers both ionizing (radioactive) radiation and non-ioni zing

(m crowave, radio frequency, optical or |aser) radiation sources.
General requirenments for preventing inadvertent personnel
exposure, assuring fail-safe operations, and testing and

mai nt ai ni ng equi prent are outlined. As discussed in

Section 4.3.5, the only use of ionizing radiation at the facility
is for limted | eak checks of equipnent by one custoner.

A significant conponent of the payl oad/ ground support equi pnent
safety requirenents deals specifically with solid rocket notors,
ordnance (el ectro-expl osive devices used in destruct and
separation systens) and liquid propellants, since these are

consi dered hazardous materials and any operations involving them
are closely and carefully scrutinized.® Oher hazardous
materials are al so nmentioned including cleaning solvents and
adhesi ves because of potential flammbility or reactivity.
Astrotech is also concerned with the toxicity of the propellants
and has installed a contai nment systemto prevent rel eases to the
environment. The systemis described in nore detail in Section
4.4, 1.

Envi ronnment al Condi ti ons

The maj or concerns addressed here are ensuring the proper
nmet eor ol ogi cal conditions are adhered to in scheduling and
conducting propellant handling and | oading operations. No
hazardous operations may be initiated if electrical storns are
within five mles of the facility or if hurricanes are predicted,
if operations are ongoing, safety personnel are notified of any
t hunderstorm activity within 25 nautical mles.

A hazardous i ndoor atnosphere is defined (25% of the LEL) for
sanpling purposes as well as a level for personnel (oxygen
between 19.5 and 25% by volune) activity. This requirenent
assures at least a four-fold safety factor for fires because the
LEL is the m ni mum vapor concentration at which a conpound can
ignite.

Handl i ng, Transport and Storage

Requi rements for hoists, slings and cranes, including safety
factors and | oad test requirenents, test frequency, and
i nspection details for each type of |ifting equipnment are
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outlined; conpliance with applicable OSHA 29 CFR and Aneri can
National Standards Institute (ANSI) B30 sections is required*.
Transport of fuel ed spacecraft to the launch pad is not all owed
to begin when electrical storns are within five mles, and
general vehicle and safety system checks are required prior to
enbar ki ng.

Astrotech requires SRMs to be handl ed and stored in accordance
with the requirenments of their hazard cl assification and storage
conpatibility group. The storage conpatibility group is the
group for explosives, propellants or other hazardous materials
whi ch can be stored together w thout significantly increasing the
probability of accident, or for a given quantity, the magnitude
of the effects of such an accident. The conpatibility groups are
based on the systemrecommended for international use by the
United Nations (UN) as adopted by the DoD. The hazard
classification systemis al so based on the recomended UN

i nternational system and di stingui shes between nmass-detonati ng
and non mass-det onating expl osives (including propellants)?.

Al'l explosive materials used at Astrotech are required to be
stored, inspected and tested in approved areas only and in
accordance with the hazard classification and storage
conpatibility grouping of the material. Ordnance nust be stored
in the high bay ordnance | ockers (Hof fman boxes), and work on
Category A° EEDs nust be perforned only in Building 2. Wrk on
Category B’ EEDs requires a 20 foot clear area.

Ordnance and associated flight itens are required to be the
natural color of the devise, while non-flight itens require col or
codi ng and submittal of the coding key to Astrotech. The col or
code facilitates efficient operations.

Cenerally, all liquid propellants are transported to the
Astrotech facility from CCAFS by Astrotech personnel in DOT-
approved transport containers. A maxi num of one cyli nder

(approxi mately 3,600 pounds) of nitrogen tetroxide or tw 55-
gal l on druns of fuel (approximtely 925 pounds of anhydrous

hydr azi ne or approxi mately 800 pounds of nononethyl hydrazine) is
allowed in any one shipnent. On occasions when it is necessary
to | oad propellant into the propellant carts fromthe bul k

4 Ibid. Section 3.4.1.
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Hazards of Chemi cal Rockets and Propellants, Volume |1, Solid Propellants
and Ingredients, C P.A Publication 394, Septenber 1984.

® Category A EEDs are those which by the expenditure of their own energy,

or because they initiate a chain of events, may cause injury or death to people
or damage to property. ESMCR 127-1, 30 July 1984, Attachnent 1

" Category B EEDs are those which will not, in thenselves, or by initiating
a chain of events, cause injury to people or danmage to property. ESMCR 127-1, 30
July 1984, Attachnent 1.



storage facility, the carts are transported to Astrotech under
the protection of a security escort and in accordance with the
applicable DOT transport approval. Transport of fuel and
oxi di zer never occurs at the sane tine.

Liquid propellants are present at the Astrotech facility only as
long as required to condition, sanple, load the liquid fuel or
oxi di zer into the spacecraft, and transport the spacecraft to the
| aunch pad. No liquid propellants are stored at the Astrotech
facility. Liquid propellants brought on site are placed in
Building 2 either on a fueling island or in a propellant cart
storage room where they are conditioned with heliumfor 5-7 days
until fully saturated. This saturation is done to ensure that
adequate pressure is maintained in the spacecraft propellant
tanks. Vapor detectors, which alarmdirectly to the guard house,
are used whenever liquid propellants are on site so that any

| eaks will be detected i nmedi ately.

Only enough liquid propellant is brought on site for |oading the
payl oad with all owance for ullage in the storage cart and
sanpling. Follow ng conpletion of a fueling operation, any
residual propellant is drumed appropriately and returned to
CCAFS for reuse or disposal. A maxinmum of three nearly enpty
druns, containing small anounts of residual fuel, can be
transported at one tine.

After nitrogen tetroxide is |oaded into a spacecraft, the

m cropore filter used for its transfer is contamnated wth a
smal | anount of nitrogen tetroxide. This is renoved using freon,
which is planned to be distilled in a closed-loop distillation
system After the small anount of oxidizer in the freon has been
neutralized, the contam nated freon is run through the unit which
recovers the freon for reuse. Because the closed-I|oop
distillation systemhas not yet been installed, the cleaning
solution, which is classified as "waste oxidizer" and is 99%
freon, is currently drunmed and treated as a hazardous waste
according to EPA regul ations.® Any other residual chemcals

cl assified as hazardous waste are shipped off site to an EPA
approved Treatnent, Storage, and Disposal facility wthin 90 days
of their generation. During six years of operation, only one
drum of hazardous waste has been generated that required off-site
di sposal

The | argest propellant transfer operation to take place at the
Astrotech facility occurred in 1990 with the processing of

| NTELSAT. Approxi mately 4,000 pounds of oxidizer and 2,400
pounds of fuel were |oaded into the spacecraft. Payloads of this
size are rare, and typical payl oads are sonewhat smaller
general ly requiring about 1,000-1,500 pounds of propellants (fuel
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and oxidizer) to be brought on site at any one tine, depending on
the requirenments of the spacecraft. This typical liquid
propel l ant quantity on site is about twenty percent of
Astrotech's design criteria and DER permt allow 5,000 pounds of
oxi di zer and 2,500 pounds of fuel. These maxi mum permtted
guantities are 240-650 tines |ess than the anount of propellants
used to fuel a Titan ELV at CCAFS.

5.1.3 Accident Reporting

In the event of an accident, Astrotech has established reporting
requi renents so that it can evaluate accident causes and initiate
preventative neasures. All custoners are required by Astrotech
to prepare a formal witten report of any accident involving
serious injury or death to personnel or substantial danmage to
equi pnrent or facilities wthin five working days. M nor

i ncidents can be reported verbally; however, mnor incidents with

hi gh acci dent potential nust be formally reported. |In over six
years of operations, there have been no accidents requiring
formal accident reporting. |In addition, Astrotech is subject to
accident reporting requirenents under SARA Title Ill and the

Conpr ehensi ve Environnmental Response, Conpensation, and Liability
Act (CERCLA), as outlined in Section 6.4.

5.1.4 Insurance |nspections

An addi tional external safety inspection is perforned by an

i nspector representing Astrotech's insurance conpany to ensure
that the facilities neet the insurance conpany's safety
standards. Prior to entering into a contract with Astrotech,
each potential customer may have an agent representing his

i nsurance carrier inspect the facilities to ensure that his own
safety and operating standards are nmet. The inspections are
performed approximately twi ce a year

5.2 Operation and Mai ntenance Requirenents

Astrotech provides continuous safety nonitoring during al

hazar dous operations by the Safety Oficer and he is enpowered to
stop an operation if he deens it unsafe or problens are

i ndi cated. Mbst hazardous operations can be conpleted in one 8
hour shift and that shift is schedul ed during normal business
hours to maxi m ze personnel alertness. At |east one shift
separates operations involving fuel and operations involving
oxi di zer, during which tine the trench drain systemis flushed
and reconfigured to prevent any possibility of contact between
fuel and oxi di zer.

Saf ety procedures and plans for all hazardous operations nust be
submtted by the custoner to Astrotech for review and approval.
In addition, Astrotech regularly inspects and tests all equi pnent
that it provides. As detailed below for specific equipnent, the
daily visual checks are commbn as are sem -annual to annua
systemw de verifications.



There are three Astrotech safety personnel who are al ways
avai l able to respond to incidents or accidents during critical
periods of handling SRVs, ordnance or liquid propellants. They
all have pagers and can be reached at anytine during the day or
night. Al three individuals are intimately famliar with

payl oad processing operations and have worked at Astrotech since
the facility opened. |If a problemarises after work hours, the
guard has a full set of notification procedures to follow that
include calling the appropriate Astrotech personnel.

Per sonnel safety equipnent (e.g., static dissipating devices,
safety gl asses for EEDs or propellant grain inspection, gloves
and cartridge respirators) supplied by the customer nust be
approved by Astrotech. Astrotech provides personal protective
equi pnent (see Section 4.4.3), flane retardant coveralls,

| egstats, energency escape units with a 5-mnute air supply, and
Scott air packs with a 30-mnute air supply. See Section 4.4.3.

Overhead cranes and hoists are inspected prior to use each shift
visually and by activating the pendant energency power Kill

sw tch under sinulated |oad conditions. All cranes, hoists and
hooks are proof tested at least yearly at 125% of their rated

| oad per OSHA requirenents (29 CFR 1910) and ANSI B30. All hooks
are magnafl uxed yearly. Proof |oad data are attached to each
crane pendant. Transfer of spacecraft from high bay to high bay
in Building 2 entails the use of the Javelin feature on the
overhead crane, and is only perfornmed by fully trained Astrotech
personnel °.  The roll-up doors in Building 2 are also restricted
to operation by Astrotech personnel.

The conductive floors of Building 2 are checked at | east annually
by Astrotech per NFPA 56A to verify that the static dissipation
capacity is 1 Megohmor less. This safety check ensures
continuing dissipation of any electrical sparks. Equipnent is
bonded or grounded when attached to any device containing
hazardous materials. Gounding straps are inspected prior to use
and daily when in use, and if the integrity of the cable is
suspect for any reason, the cable is checked to ensure proper
functioning (e.g., a resistance of |less than 10 ohns).

Prior to beginning operations, area safety checks are perforned
by both Astrotech and the custoner, if ordnance, solid notor or
[iquid propellant are present. Each shift that propellants are
on-site, toxic vapor checks (sniff checks) are made and the
results marked on the high bay door. Once propellants have been
brought into Building 2, continuous nonitoring using the MDA
toxic gas detectors is perforned. See Section 4.4.1.

Fire protection equipnent in Building 2 is checked visually at
the start of each shift. The entire systemis tested on a sem -

° Safety Standard Operating Procedure 1988, Astrotech Space Cperations,
L.P., pp 11-14.



annual basis (every 5 to 7 nonths dependi ng upon operati onal
schedul es). See Section 4.4.4 for a nore detail ed description of
the fire protection system

Security is provided for the high bays by key and ci pher control
avai l able only to the custoner and Astrotech. The cipher control
may be changed at any tine interval specified by the custoner.

5.3 Personnel Training Requirenents

The Astrotech Safety O ficer is responsible for ensuring that
Astrot ech enpl oyees have adequate training in dealing with
hazardous materials. Enployees who have responsibility for
handl i ng hazardous materials, and who are assigned to response
duties, have training equivalent to that required by NASA
personnel who performsimlar duties at KSC. This training
exceeds the requirenents of Training Standards for Hazardous
Techni ci ans Level 111 and Level |V as designated under OSHA,
Title 29 CFR Section 1910 and EPA, Title 40 CFR Part |11, and
applicable to a wde variety of industries that use hazardous
materi al s.

Cust oner personnel comng to Astrotech, who participate in
hazardous operations (e.g., propulsion teans), nust each have
certification fromthe enpl oyer noting the individual's training
and qualification as well as physical fitness for his assigned
hazardous task. Astrotech provides safety briefings for custoner
enpl oyees that i nclude:

* NASA propell ant handling safety video
eFacility specific safety/energency features
»Saf e operating procedures and checklists

» Saf equards and safety devices

*Personal protective equi prent

*Monitoring and warni ng devices

* Enmer gency and contingency procedures

After such training, custoner personnel are famliarized with the
Astrotech facility and prepared to inplenent the safety
procedures effectively.
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